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Preface 
Animals must feed to grow; they must also be given some veterinary care to reduce their 
susceptibility to disease and decrease mortality. Simplistic as these statements are they lead to 
two profound concerns of livestock production in sub-Saharan Africa - animal nutrition and 
management. 
Poorly fed animals grow slowly and produce few offspring, the consequence being less meat 
and milk to feed the people who depend on them. If an animal dies, its owner loses what is 
possibly his or her only source of cash. 
But nutritional stress and high mortality are not the only aspects of livestock production in sub-
Saharan Africa; when improvements are being introduced, other issues arise. For example, how 
do management practices and seasonal availability of feed affect animals’ weight gain and 
income from smallholder livestock enterprises? With disease control, the issue is not so much 
which measures to introduce but what benefits will accrue to smallholder farmers willing to 
invest scarce resources in veterinary care - more money to purchase items the household 
needs or more food? 
Periodic fluctuations in rangeland productivity have prompted fears of an imminent collapse in 
the dry rangelands, yet the livestock populations supported by these rangelands, and the 
amount of milk and meat they produce, appear to have increased faster in the past two decades 
than in the wet areas. This contradiction in expectations and reality underscores our lack of 
knowledge of the long-term trends in range productivity and their causes. The question is, why 
do we not know more about what is happening in an area that represents half of sub-Saharan 
Africa? Is it because of lack of interest in the past or because of lack of an appropriate 
technique to monitor range resources? 
The research reported in this issue of the ILCA Bulletin answers some of these questions. 
Analysis of data on steer stall-feeding in Malawi shows that the enterprise can be profitable 
even under low-input management. An evaluation of a disease control scheme for small 
ruminants in southwest Nigeria gives an insight into both the biological effects of the treatments 
applied and the behavioural changes in the way farmers managed their herds. And, finally, 
those interested in remote sensing can learn about the progress made in calibrating a spectral 
vegetation index in the Gourma region of Mali. 
Inca Alipui 
Editor, ILCA Bulletin 
Information Section 
ILCA, P.O.Box 5689 
Addis Ababa, Ethiopia 
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SUMMARY 
ANALYSES WERE carried out to determine the biological performance of 5483 steers stall fed 
in the Southern and Central regions of Malawi during 1972–82. The financial returns to steer 
fattening on smallholder farms in the two regions were also estimated 
In the Southern Region, the mean fattening period was 188 days, with steers gaining 0.59 kg 
day-1 on average. In the Central Region, steers were stall fed for 213 days on average and 
gained 0.50 kg day-1. The respective mean carcass weights were 210 and 194 kg, with an 
average dressing percentage of 52.3. Weight gain was influenced by fattening period, breed × 
month interaction and age. The smaller Malawi Zebu steers had better weight gain rates per 
metabolic body weight than crossbreds. 
Financial returns to fattening were high, implying that most smallholders made profit. About 60% 
of the net returns were due to changes in beef prices, 18% to weight gains, and 22% to 
interacting price and weight changes. 
INTRODUCTION 
Stall-feeding cattle to increase domestic beef production was started in Malawi in 1957. The 
scheme was first introduced in the Southern Region and was rapidly adopted by smallholders in 
other parts of the country. 
The stall-fed animals were mostly steers obtained on credit from the Ministry of Agriculture 
(MOA); only in a few cases did smallholders use steers produced from their own herds. Farmers 
were supplied with two steers from stock purchased at the local markets or from livestock 
breeding centres, particularly the Chisombezi multiplication centre in the Southern Region and 
the Dzalanyama ranch in the Central Region. 
In the early 1970s, the Ministry of Agriculture started keeping records of animals entering the 
fattening scheme to control the repayment of credits. In 1984, two ILCA scientists and an official 
of the Ministry of Agriculture extracted information on the scheme from records kept at the 
Ministry's Blantyre and Lilongwe offices. The data were then analysed and interpreted by the 
team, with help from an ILCA economist. This report presents the results of biological and 
financial analyses performed on a random set of data collected during the 1972–82 period. 
STALL-FEEDING OPERATIONS 
Environment 
The analyses focus on cattle stall-feeding operations in the districts of Blantyre (Southern 
Region) and Lilongwe (Central Region). Both regions have a predominantly subtropical climate, 
with a unimodal rainy season from November to April followed by a long dry season from May to 
October. Figure 1 shows the mean annual rainfall recorded during 1972–81 at four 
meteorological stations representative of the areas in which smallholders and cattle 
multiplication centres operate. The mean monthly rainfall for one of the stations, the Chileka 
station in southern Malawi, is shown in Figure 2. 
Figure 1. Average annual rainfall at Chileka, Chichiri, Lilongwe and Chitedze meteorological 
stations, Malawi, 1972–81. 
 
  
Figure 2. Average monthly rainfall distribution, Chileka meteorological station, southern 
Malawi, 1972–81. 
 
Management 
The management system used at the stalls depends on the resources available to the 
smallholder. Fattened animals are housed separately in stalls constructed from eucalyptus 
poles and thatched with hyparrhenia grass. The stalls are frequently built in a long line to reduce 
construction costs and facilitate the delivery and collection of steers. 
Animals are fattened throughout the year, but stall-feeding during the dry season is more 
common, particularly in the Lilongwe District. During the wet season, steers are fed cut fodder, 
mainly improved Napier (Pennisetum purpureum) or Rhodes (Chloris gayana) grass and such 
indigenous species as Hyparrhenia, Panicum; Setaria and Digitaria. The main roughages fed 
during the dry season are maize stover and groundnut haulms, while maize bran (madeya) is 
given as a supplement. 
Cattle breeds 
Most stall-fed cattle were from the Dzalanyama ranch in central Malawi and the Chisombezi 
multiplication centre in the south of the country. The Dzalanyama ranch has mainly Malawi Zebu 
cattle, which is an indigenous Bos indicus breed. The Chisombezi animals are of a nondescript 
'offtype' breed, which is a composite of Sussex, Brahman-type and Africander crosses. 
In addition to these 'pure' forms, crossbred cattle of Malawi Zebu and Friesian (Bos 
taurus) inheritance can be found in the Central Region, where the two breeds are used in a 
dairy cattle crossbreeding programme. In the Southern Region, Friesian × offtype crossbreds 
are common (Agyemang and Nkhonjera, 1986). 
The steers used for fattening in the Central Region (Lilongwe area) are therefore either pure 
Malawi Zebu or Friesian × Malawi Zebu crossbreds. In the Southern Region (Blantyre area), 
three categories of steer are found – pure Malawi Zebu, offtype and Friesian × offtype 
crossbreds. The steer production schemes used in the two regions are shown in Figure 3. 
Figure 3. Steer production schemes in the Southern and Central regions of Malawi. 
 
DATA PREPARATION AND ANALYSIS 
Data were extracted by random sampling: for Lilongwe, random samples were taken for each 
year during the 1972–82 period, and for Blantyre during 1974–81. The data were checked for 
incorrect and inconsistent dates of steer entry and departure from stalls. After editing, the 
Lilongwe data set comprised 2985 records and that for Blantyre 2498 records. 
Since no information was available on the genetic composition of individual steers, their weights 
at the start of the fattening period were subjected to frequency (10-kg interval) distribution 
analyses. Histograms based on these analyses indicated a distinct two-peak weight distribution 
for the Lilongwe steers and a three-peak distribution for those in Blantyre. This suggested that 
there are two steer subpopulations in the Lilongwe area and three in the Blantyre area. 
A truncation point of 250 kg was used to distinguish between the two subpopulations in 
Lilongwe: steers weighing up to 250 kg at the start of the fattening period were assumed to be 
Malawi Zebu and those with an initial weight of >250 kg to be Friesian × Malawi Zebu 
crossbreds. The three subpopulations in the Blantyre area were Malawi Zebu (250 kg), offtype 
(250—350 kg) and Friesian × offtype steers (>350 kg). These subdivisions correspond to the 
weights of Malawi cattle reported by Thomas and Addy (1977). 
Five age classes were established on the basis of dentition (0, 2, 4, 6 and 8 permanent 
incisors). There were no 0-tooth steers in the Lilongwe data set and no 8-tooth steers in the 
Blantyre data set. 
For each steer, records were assembled for all performance and economic traits. The individual 
traits analysed were initial weight, final weight, days on feed, daily weight gain, carcass weight, 
dressing percentage, grade, price on entering the stall, price on leaving the stall, and gross 
margin. All characters were analysed by least squares procedures (Harvey, 1977), using fixed-
effects models. 
All continuous variables which were measured prior to grading the steers (i.e. on leaving the 
stall or at slaughter) and grade itself (determined on a categorical scale of 1, 2, 3 or 4) were 
analysed using a fixed-effects model which included breed group, number of teeth on arrival at 
the stall, month and year of arrival, and breed group × month interaction. 
The continuous variables measured at the time of grading or after were cold dressed weight 
(carcass weight), dressing percentage, total price on leaving the stall, and gross margin. These 
variables were examined using a fixed-effects model which included grade, breed group, 
number of teeth, month and year of arrival at the stall, and breed group × month interaction. 
The residual mean square was used as the error term to test the significance for each character 
analysed. Linear contrasts of least squares means were computed to determine the significance 
of differences between groups. 
BIOLOGICAL ANALYSES 
The objective of the biological analyses was to identify environmental and genetic factors 
influencing the biological rate of weight gain in stall-fed steers. The Lilongwe and Blantyre data 
were analysed separately, but using the same statistical models. Related traits are discussed 
together for both areas. 
Initial and final weights 
The mean initial and final weights of 2498 Blantyre steers were 298 ± 20 and 401 ± 48 kg, with 
coefficients of variation (CV) of 6.8% and 12.0% respectively. The corresponding means for 
2985 Lilongwe steers were 271 ± 25 kg (CV = 9.4%) and 370 ± 48 kg (CV = 11.9%). 
Analyses of variance for initial and final weights of stall-fed steers are presented in Table 1. In 
Blantyre, initial weight was significantly (P<0.01) influenced by all variables. The results for 
Lilongwe were similar, except that initial weight was not influenced by number of teeth. 
 
 
 
 
Table 1. Analyses of variance of initial and final weights of stall-fed steers, Blantyre and 
Lilongwe areas, Malawi, 1972–82. 
Source of variation  
Blantyre Lilongwe 
d.f. Initial weight 
(MS ×10–2) 
Final weight  
(MS ×10–2) 
d.f. Initial weight 
(MS ×10–2) 
Final weight 
(MS ×10–2) 
Breed group 2 12968** 11709** 1 4438** 4278** 
Number of teeth 3 46** 27 3 1 38 
Month entered 11 36** 156** 9 75** 294** 
Year entered 7 31** 274** 10 270** 409** 
Breed ×month 2 91** 252** 9 110** 189** 
Remainder 2452 4 23 2952 7 22 
** = P<0.01 
The mean initial weights of Malawi Zebu, offtype and Friesian × offtype steers in Blantyre were 
respectively 235, 292 and 369 kg. The corresponding mean final weights were 339, 392 and 
467 kg. In Lilongwe, Malawi Zebu steers weighed on average 240 kg at the beginning and 342 
kg at the end of stall-feeding. The mean initial and final weights of Friesian × Malawi Zebu 
crossbreds were 293 and 395 kg. 
In Blantyre, large differences in initial body weight were indicated by the significant breed group 
× month interaction: the weight of Friesian x offtype and Malawi Zebu steers which started 
fattening during the months of October – February, March – May and June – August differed by 
124, 140 and 118 kg respectively. The corresponding differences in final weight were 44, 52 and 
72 kg. These figures imply that Malawi Zebu steers grew relatively faster during certain periods 
of the year than crossbreds. Similar breed group × month effects were observed in Lilongwe for 
Friesian × Malawi Zebu and Malawi Zebu steers. 
Age of steer had no significant effect on final weight in either of the study areas. Despite 
differences in age, the initial weights of Lilongwe steers were similar, indicating that steers were 
drafted for fattening when they reached the appropriate weight. However, the lack of significant 
difference in steer weight was also partly due to confounding with breed effects. In Blantyre, the 
significant differences in initial weight observed for various tooth classes over and above those 
obscured by possible confounding of age and breed were due to the large difference (124 kg) in 
initial body weight between the Malawi Zebu and Friesian × offtype steers. The liveweight 
changes observed in this study were comparable to those reported by Spurling and Spurling 
(1972), Beale et al (1979) and Butterworth et al (1984), who in their experiments used diets 
similar to those fed in practice. 
Number of days at stall and daily weight gain 
The mean stall-feeding period in Blantyre was 188 ± 53 days (CV = 28%) and in Lilongwe 213 ± 
54 days (CV = 26%). Analyses of variance for days at stall and daily weight gain are shown in 
Table 2. 
Table 2. Analyses of variance of days at stall and daily weight gain of stall-fed steers, Blantyre 
and Lilongwe areas, Malawi, 1972–82. 
Source of variation 
Blantyre Lilongwe 
d.f. Days at stall 
(MS × 10–2) 
Daily weight gain 
(MS × 102) 
d.f. Days at Stall 
(MS × 10–2) 
Daily weight gain 
(MS × 102) 
Breed group 2 252** 23 1 313* 10 
Number of teeth 3 241** 25 3 101** 10 
Month entered 11 468** 129** 9 716** 76** 
Year entered 7 763** 115** 10 1607** 69** 
Breed × month 22 85** 113 9 46 9 
Remainder 2452 28 22 2952 30 6 
*=P<0.05. **=P<0.01 
Fattening period was significantly influenced by all variables except breed × month interaction in 
Lilongwe. Smaller breeds had a longer fattening period than larger breeds: the average periods 
for Malawi Zebu steers in Blantyre and Lilongwe were 201 days and 212 days, while the 
respective means for the Friesian × offtype and Friesian × Malawi Zebu crossbreds were 182 
and 198 days. Younger steers tended to stay at the stall longer than older ones: in Blantyre, 
steers with four permanent incisors at the start of stall-feeding were fattened for 191 days and 
those with six incisors for 178 days. 
The mean daily weight gain for the Blantyre steers was 0.59 ± 0.48 kg (CV = 81%); the 
corresponding figures for the Lilongwe steers were 0.50 ± 0.22 kg (CV = 43%). Table 2 shows 
that daily weight gain was significantly influenced by the month and year of the start of stall-
feeding, but not by the age of the steer and breed (Friesian × offtype steers gained 0.60 kg day–
1, Friesian × Malawi Zebu 0.54 kg day–1 and Malawi Zebu 0.52 kg day–1). 
When 'pure' breeds and crossbreds were compared1on the basis of equal metabolic body 
weight, breed differences were significant. Lilongwe Malawi Zebus and Friesian × Malawi Zebu 
crossbreds gained 7.77 and 7.26 g day –1 kg–0.73 respectively (P< 0.05), while the Blantyre Malawi 
Zebu, offtype and Friesian × offtype steers gained 8.58, 7.58 and 7.16 g day–1 kg–0.73. 
1Comparative figures obtained by dividing daily weight gains by average metabolic body 
weight (mean of initial plus final weight)0.73 
In Blantyre, Malawi Zebu steers were significantly (P< 0.01) superior to both the offtype and 
crossbred steers, but the difference in weight gain between the offtype and crossbred steers 
was not significant. These results contradict Thomas and Addy (1977) who reported that the 
liveweight gains of Friesian crossbreds were significantly higher than those of Malawi Zebu 
steers. Their study, however, did not take into account breed differences in metabolic body 
weight. 
Steers which started stall-feeding in April, May and June had the highest daily weight gains 
(Figure 4), benefiting probably from the high-quality crop residues available at the end of the dry 
season and beginning of the rainy season. Increased daily weight gain was indicated for 1977–
81 (Table 3), but this trend could not be related to total precipitation for the individual years. 
Figure 4. Average daily weight gains of Blantyre and Lilongwe steers starting stall feeding at 
different months of the year, Malawi, 1972–82. 
 
 
 
 
 
Table 3. Estimated least squares means1 for liveweight traits of stall-fed steers, Blantyre and 
Lilongwe areas, Malawi, 1972–82. 
Year 
entered 
Blantyre Lilongwe 
Number 
of 
animals 
Initial 
weight (kg) 
Final 
weight 
(kg) 
Daily 
weight 
gain (kg) 
Number 
of 
animals 
Initial 
weight (kg) 
Final 
weight (kg) 
Daily weight 
gain  
(kg) 
Overall 2498 298 399 0.56 2985 266 368 0.50 
1972 n.a.2 n.a. n.a. n.a. 202 265d 366c 0.40a 
1973 n.a. n.a. n.a. n.a. 429 254a 365c 0.40a 
1974 62 307e 421e 0.61ab 372 261c 374cd 0.44a 
1975 715 297bc 393bc 0.54a 314 250a 369cd 0.47b 
1976 415 293ab 388ab 0.49a 30 257b 373cd 0.54c 
1977 441 299cd 393bc 0.56ab 185 266d 355b 0.43a 
1978 389 301de 398c 0.58ab 191 259b 353b 0.44a 
1979 189 298cd 414d 0.66d 426 261c 342a 0.41a 
1980 40 290ab 372a 0.40a 269 262c 366c 0.55c 
1981 247 302de 415d 0.69c 540 279e 379cd 0.46b 
1982 n.a. n.a. n.a. n.a. 27 310f 410e 0.54c 
1 Within variable groups, means followed by the same letter do not differ significantly at the 5% 
level. 
2 n.a. = not applicable. 
Carcass weight and dressing percentage 
The mean carcass weight of 2498 Blantyre steers was 210 ± 28 kg (CV = 13.1%); in Lilongwe, 
2985 steers had a mean carcass weight of 194 ± 23 kg (CV = 12%). The mean dressing 
percentage was 52.3 for both locations, with coefficients of variation of 4.1% (Blantyre) and 
2.6% (Lilongwe). 
Analyses of variance of carcass weight and dressing percentage are presented in Table 4. 
Carcass weight was significantly influenced by breed, grade, month and year of the start of stall-
feeding, and breed×month interaction. Dressing percentage varied with grade (in both Blantyre 
and Lilongwe) and breed×month interaction (in Lilongwe). Age at the start of stall-feeding did 
not influence the carcass weight and dressing percentage of Blantyre steers, but exerted a 
significant effect on carcass weight in Lilongwe. 
 
 
 
 
Table 4. Analyses of variance of carcass weight and dressing percentage of stall-fed steers, 
Blantyre and Lilongwe areas, Malawi, 1972–82. 
Source of 
variation 
Blantyre  Lilongwe 
d.f. 
Carcass 
percentage 
(MS × 10–2) 
Dressing 
percentage 
(MS × 102) 
d.f. 
Dressing 
percentage 
(MS × 10–2) 
Dressing 
percentage 
(MS × 102) 
Breed group 2 2008** 307 1 748** 1 
Grade 3 2078** 180 518** 2 2012** 1916** 
Number of 
teeth 
3 11 510 3 28** 2 
Month entered 11 39** 279 9 51** 2 
Year entered 7 44** 404 10 98** 7** 
Breed × month 22 55** 201 9 47** 2 
Remainder 2449 5 242 2950 5 2 
**= p<0.01. 
Estimated least squares means for carcass weight and dressing percentage are given in Table 
5. Larger breeds had higher carcass weights than smaller ones: the mean difference in carcass 
weight between the Friesian× offtype crossbreds and Malawi Zebus was 63 kg. Dressing 
percentage did not differ among the various breed groups. Better-grade animals had higher 
carcass weight and dressing percentage than animals with lower grades. This was to be 
expected since the former carry more 'finish', which is a function of carcass fat and is also 
closely associated with dressing percentage. 
 
 
 
 
 
 
Table 5. Estimated least squares means1 for carcass weight and dressing percentage of stall-
fed steers Blantyre and Lilongwe areas, Malawi, 1972–82. 
Variable 
Blantyre Lilongwe 
Number of 
animals 
Carcass 
weight (kg) 
Dressing 
percentage 
(%) 
Number of 
animals 
Carcass 
weight (kg) 
Dressing 
percentage (%) 
Overall 2498 184 49.2 2985 185 51.2 
Breed group 
Malawi Zebu 749 158a 49.2 1241 173a 51.2 
Offtype 1021 180b 49.3 n.a.2 n.a. n.a. 
Crossbred 728 213c 49.3 1744 196b 51.3 
Grade 
Prime 1723 221d 52.8d 1790 205c 53.1c 
Choice 573 192c 51.9c 1003 183b 52.1b 
Standard 153 169b 48.0b 192 166a 48.3a 
Common 49 153a 44.4a n.a. n.a. n.a. 
Number of teeth 
0 291 181 49.1 n.a. n.a. n.a. 
2 195 184 49.4 234 184a 51.1 
4 852 183 49.4 192 181a 51.1 
6 160 187 49.3 787 184a 51.1 
8 n.a. n.a. n.a. 38 192b 51.5 
Month entered 
January 190 189d 49.0 n.a. n.a. n.a. 
February 123 184c 49.5 292 184c 51.2 
March 445 188d 49.3 79 174a 51.2 
April 230 193e 49.3 198 196e 51.0 
May 297 180b 49.1 975 189d 51.2 
June 380 189d 49.3 735 183bc 51.3 
July 125 182b 49.3 727 180b 51.2 
August 153 184c 49.3 181 186d 51.3 
September 107 178a 49.0 95 192d 51.3 
October 261 180b 49.5 92 187d 51.1 
November 111 173a 49.3 11 177ab 51.1 
December 76 186cd 49.7 n.a. n.a. n.a. 
Year entered 
1972 n.a. n.a. n.a. 202 182bc 51.0ab 
1973 n.a. n.a. n.a. 429 182bc 51.2bc 
1974 62 190 49.2 372 189d 51.0ab 
1975 715 182 49.4 34 184c 51.2bc 
1976 415 180 49.6 30 184c 52.0f 
1977 441 181 49.3 185 181bc 51.2bc 
1978 389 182 49.3 191 179ab 51.0ab 
1979 189 192 49.4 426 173a 50.8a 
1980 40 172 48.7 269 181bc 51.0ab 
1981 247 184 49.3 540 190d 51.1ab 
1982 n.a. n.a. n.a. 27 209e 51.8 e 
1 Within variable groups, row means followed by the same letter do not differ significantly at the 
5% level. Means without any letter following did not show a significant difference in the analysis 
of variance. 
2 n.a. = not applicable. 
Grade 
At the end of fattening, grade of steers was determined as prime, choice, standard and (in 
Blantyre) common, coded as 1, 2, 3, and 4. 
Table 6 shows that carcass grade was significantly influenced by all variables except breed × 
month interaction in Lilongwe. Estimated least squares means for carcass grade are presented 
in Table 7. 
Table 6. Analysis of variance of carcass grade of stall-fed steers, Blantyre and Lilongwe areas, 
Malawi 1972–82. 
Source of variation 
Blantyre Lilongwe 
d.f MS×102 d.f. MS×102 
Breed group 1 2708** 1 1966** 
Number of teeth 3 87** 3 1258** 
Month entered 11 351** 9 218** 
Year entered 7 311** 10 996** 
Breed × month 22 108** 9 12 
Remainder 2452 38 2752 31 
**=p<0.01. 
 
Table 7. Estimated least squares means1 for carcass grade of stall-fed steers, Blantyre and 
Lilongwe areas, Malawi, 1972–82. 
Variable  
Blantyre Lilongwe 
No. of animals Carcass grade No. of animals Carcass grade 
Overall 2498 1.46 2985 1.52 
Breed group 
Malawi Zebu 749 1.75c 1241 1.70a 
Offtype 1021 1.16b n.a.2 n.a. 
Crossbred 728 1.16a 1744 1.31b 
Number of teeth 
0 291 1.48 n.a. n.a. 
2 1195 1.40 234 1.30a 
4 852 1.42 1926 1.35a 
6 160 1.52 787 1.59b 
8 n.a. n.a. 38 1.86c 
Month entered 
January 190 1.35ab n. a. n.a. 
February 123 1.37ab 292 1.46b 
March 445 1.29a 79 1.56c 
April 230 1.61de 198 1.42ab 
May 297 1.31a 975 1.57bc 
June 380 1.59de 735 1.59bc 
July 125 1.66f 32 1.75bc 
August 153 1.52ef 181 1.49bc 
September 107 1.40bc 95 1.57bc 
October 261 1.47cd 92 1.32a 
November 111 1.72f 11 1.50bc 
December 76 1.10a n.a. n.a. 
Year entered 
1972 n.a. n.a. 202 1.51c 
1973 n.a. n.a. 429 1.54c 
1974 62 1.21a 372 1.69dc 
1975 715 1.54c 314 1.43b 
1976 415 1.48bc 30 1.16a 
1977 441 1.47c 185 1.69de 
1978 389 1.35b 191 1.63d 
1979 189 1.45c 426 1.70de 
1980 40 1.89a 269 1.41b 
1981 247 1.27a 540 1.54c 
1982 n.a. n.a. 27 1.44bc 
1 Within variable groups, row means followed by the same letter do not differ significantly at the 
5% level. Means without any letter following did not show a significant difference in the analysis 
of variance. 
2 n.a. = not applicable. 
Malawi Zebu steers had a consistently poorer grade than crossbred steers. Younger animals 
were graded better than older ones because the grading system used gave premium to younger 
animals. In Lilongwe, steers which went on feed during May through to July were graded better 
than those that started stall-feeding in other months. In Blantyre, better grades were associated 
with April to August. The month of starting stall-feeding did not affect final grade, but Thomas 
and Addy (1977) reported that date of slaughter affected carcass grade, the best months to 
slaughter being July through to September. 
Initial and final steer prices and gross margin 
Raw means and standard deviations of price variables are presented in Table 8. Estimated least 
squares means for initial price, final price and gross margin are laid out in Table 9. 
Table 8. Summary of price variables for stall fed steers, Blantyre and Lilongwe areas, Malawi, 
1972–82. 
Variable 
Blantyre Lilongwe 
Mean ± SD1 (MK3) CV2 (%) Mean ± SD (MK) CV (%) 
Initial price 104±9.4 9.0 95±14.4 15.9 
Final price 286±46.2 16.2 273±44.1 16.3 
Gross margin 182± 43.1 23.7 178±38.9 21.8 
1 SD=standard deviation 
2 CV coefficient of variation 
3 MK = Malawi kwacha (as at October 1986, MK 1=US$1.97) 
 
 
 
 
 
 
 
 
 
 
 
 
Table 9. Estimated least squares means1 for starting price, final price and gross margin of stall-
fed steers, Blantyre and Lilongwe areas, Malawi, 1972–82. 
Variable  
Blantyre Lilongwe 
Number of 
animals 
Initial 
price 
Final 
price 
Gross 
margin 
Number of 
animals 
Initial 
price 
Final 
price 
Gross 
margin 
(Malawi Kwacha) (Malawi Kwacha) 
Overall 2498 106 246 140 2985 91 257 166 
Breed group 
Malawi 
Zebu 
749 80a 221a 141a 1241 80a 239a 160a 
Offtype 1021 108b 247b 140a n.a.z n.a. n.a. n.a. 
Crossbred 728 132c 271c 150c 1744 103b 275b 174b 
Number of teeth 
0 291 108a 246 142a n.a. n.a. n.a. n.a. 
2 1195 110b 246 140a 234 98a 25b 159a 
4 852 110b 247 141a 1926 98b 251 158a 
6 160 98c 247 153b 787 87b 257 171b 
8 n.a. n.a. n.a. n.a. 38 82c 260 178c 
Grade 
Prime 1723 n.a. 315a 212a 1790 n.a. 303a 210a 
Choice 573 n.a. 254b 153b 1003 n.a. 248b 160b 
Standard 153 n.a. 223c 122c 192 n.a. 218c 130c 
Common 49 n.a. 193d 89d n.a. n.a. n.a. n.a. 
1 Within variable groups, row means followed by the same letter do not differ significantly at the 
5% level. Means without any letter following did not show a significant difference in the analysis 
of variance. 
2 n.a. = not applicable. 
As expected, the smaller Malawi Zebu steers were priced lower at the start of stall-feeding than 
the heavier crossbreds. However, the difference in the final prices of Malawi Zebu and other 
breed groups was less than in the initial prices, presumably because of the superior growth rate 
of Malawi Zebu steers. 
In both study areas there was a small but significant negative correlation between the rate of 
weight gain per unit of body weight and grade or quality. Thus, since payments were made on 
the basis of liveweight and grade, the Malawi Zebus' superior weight gain per unit of body 
weight was not reflected in the gross margin. 
Younger animals were priced higher at the start of stall-feeding than older ones. At the end of 
the fattening period all age classes attracted equal sale price. Since growth rate was similar for 
all age groups, the superior final pricing of older animals was due to the pricing system, which 
was based on unit weight and hence favoured larger animals which were also more likely to be 
older. 
Table 9 shows that carcass grade had a significant effect on both final price and gross margin: 
prime and choice animals attracted higher final price, and the gross margin for these animals 
was consequently higher. 
Comparison of Blantyre and Lilongwe results 
The Blantyre and Lilongwe data sets were not uniform, the major differences occurring in the 
type and number of cattle breeds studied, the age of steers at the start of stall-feeding and the 
month in which steers began stall-feeding. 
Analyses of variance performed on these data showed that the effects of breed group on growth 
traits were similar in both areas. Smaller breeds performed as well as, or even better (on a 
metabolic weight basis) than larger breeds or crossbreds. Age at the start of stall-feeding was 
not an important factor in terms of growth rates. Starting month and year of stall-feeding 
significantly influenced growth traits in both areas, but at a different magnitude. 
The differences in breed types led to differences in traits determined in absolute terms, such as 
starting weight, final weight and dressing weight. Higher values were associated with Blantyre 
where the breeds are heavier. Since total weight gains were similar in both areas, the lower 
growth rate of Lilongwe steers was related to a longer fattening period. 
FINANCIAL ANALYSES 
Increasing beef production on smallholder farms was one of the reasons for introducing a cattle 
stall-feeding scheme in Malawi; the other, equally important, was to raise the cash income of the 
rural population. Financial analyses were performed to determine whether smallholders in the 
country's Southern and Central regions benefitted from the scheme. 
Rate of return to fattening 
The income derived by producers from fattening cattle for beef production can be expressed as 
the annual financial rate of return to fattening. 
Let 
R = revenue from selling the animal, 
C = purchase cost of the animal, and 
T = time (in days) the animal was fattened, 
 then the annual financial rate of return to fattening (I, %) is: 
I = [(R – C)/C) × (365/T)] ×100 (1) 
The financial rate of return is thus revenue less purchase cost, expressed as a percentage of 
purchase cost, and multiplied by the fraction of year the animal was fattened. This is an 
overestimate because purchase cost does not include some costs, such as of feed and 
veterinary supplies. The estimate does, however, include the costs of insurance and transport 
because these are deducted at the slaughterhouse from the sale price. 
The I variable in equation (1) was computed using the Blantyre and Lilongwe data; summary 
statistics for the two areas are shown in Table 10. A common log transformation was done, 
excluding observations with zero or negative returns. Figure 5 gives summary statistics for the 
transformed frequency distributions. The data show that (a) the average return to fattening was 
high, (b) the model producer made money, and (c) only very few producers incurred losses. 
Table 10. Distribution of annual financial rates of return to steer fattening in Blantyre and 
Lilongwe areas, Malawi, 1972–82. 
Statistic  
Untransformed data Transformed data 
Blantyre Lilongwe Blantyre Lilongwe 
Mean 378.3 376.5 2.541 2.525 
Standard deviation 227.5 767.95 0.199 0.196 
Skewness 15.792 50.595 –3.005 –2.797 
Kurtosis 401.996 2681.064 34.433 43.048 
Notes. The data were transformed by taking the common logarithm of each observation greater 
than zero. The mean and standard deviation of the untransformed data are percentages, while 
those of the transformed data are common logarithms of annual percentages. The skewness 
and the kurtosis are pure numbers. 
Figure 5. Log-transformed distributions of financial returns to steer fattening in Blantyre and 
Lilongwe, Malawi, 1972–82.
 
Components of the financial return to fattening 
What determines the financial rate of return to fattening? In particular, are weight gains or price 
changes more important in the total returns achieved by producers? 
Let 
C = purchase cost of the animal, 
R =revenue from selling the animal, 
p = price per kg of liveweight, 
w = liveweight in kg, and 
d = the change in C, R, p, or w over the fattening period. 
For subscripts, let 
o = original (price or liveweight), i.e. at the beginning of the fattening period, and 
f = final (price or liveweight), i.e. at the end of the fattening period. 
The equations for C, R and d(R) then are: 
C = po × wo (2) 
R = pf × wf (3) 
d(R) = R – C (4) 
Since by definition 
pf = po + d (p) (5) and 
wf= wo + d (w) (6)  
it follows that 
d(R) = d (p) × wo + d (w) × po +d (p) × d (w) (7) 
Dividing equation (7) by d(R) gives: 
100 = %(d (p) × wo) + %(d (w) × po) + %(d (p) × d (w)) (8) 
The right-hand side of equation (7) has three components: 
 the price component, which is equal to the change in price multiplied by the original 
weight; 
 the weight component, which is equal to the change in weight multiplied by the original 
price; and 
 the interaction component, which is equal to the change in price multiplied by the change 
in weight. 
The price component is the share of revenue gains from price increases at a constant weight 
over the fattening period. If the price component were equal to 100%, the animal would have 
gained no weight during the fattening period; any income gained by the producer would then be 
due to the higher price paid by the purchasing agency. 
The weight component is the share of revenue gains from weight increases at a constant price 
over the fattening period. If this component were equal to 100%, the price change would have 
been equal to zero, and any income gained by the producer would have been due to his having 
fattened the animal. 
The interaction component is the share of revenue gains resulting from the interaction of price 
and weight gains over the fattening period. It cannot be equal to 100%, since that would imply 
that both the price and the weight component are equal to zero. A positive interaction 
component means that weight gains are associated with price gains, higher-grade premia 
presumably being given to fatter animals. 
Results 
Blantyre. In this area, the distribution of the components of the financial rate of return to 
fattening was fairly constant across years (Table 11). The price component was between 56 and 
65%, the weight component between 17 and 20%, and the interaction component between 18 
and 22%. This suggests that most of the returns came from a higher price being paid by the 
Government for fattened animals. If the animals had gained no weight, the returns would still 
have been roughly 60% of what they were. 
Table 11. Components of financial returns to steer fattening in Blantyre and Lilongwe areas, 
Malawi, 1972–82. 
Year  
Blantyre Lilongwe 
Number of 
animals 
Component of return (%) 
Number of 
animals  
Component of return (%) 
Price Weight Interaction Price Weight Interaction 
1972 n.a1 n.a n.a n.a 202 64.3 13.9 23.0 
1973 n.a n.a n.a n.a 429 57.5 20.4 22.3 
1974 62 60.2 16.8 23.6 372 57.2 19.3 23.9 
1975 715 62.9 18.1 20.0 314 56.3 20.3 24.0 
1976 415 59.9 20.2 20.6 30 58.2 20.0 22.7 
1977 441 64.5 18.2 18.0 185 64.2 17.9 18.6 
1978 389 63.2 18.3 19.3 191 62.0 18.8 19.9 
1979 189 55.7 19.6 20.5 426 61.0 19.0 20.7 
1980 40 64.0 17.7 18.7 269 58.3 20.9 21.0 
1981 247 58.2 20.2 21.9 540 62.1 18.9 19.1 
1982 n.a n.a n.a n.a 27 64.7 17.7 18.1 
1 n.a. = not applicable. 
About one fifth of the returns came from the price/weight interaction component, which suggests 
that fatter animals were systematically put into higher grades and received higher prices per kg 
liveweight. In other words, a good producer–one who fattened his animals – received a quantity 
premium, but the sum of price and weight gains was only about 40% of the total net return to 
fattening. 
Lilongwe. As in Blantyre, the price component was dominant, but there was a slight tendency for 
the weight component to be higher than in Blantyre (Table 11). 
Regression analysis 
Total weight gain varied substantially in the two samples analysed: the Blantyre mean for all 
years was 102.4 kg and the coefficient of variation (CV) was 44.3%, while the Lilongwe mean 
and CV were 99.5 kg and 41.2% respectively. 
The relatively small contribution of weight gain to financial returns suggested the need to 
investigate this component further. A regression analysis was therefore done on the same data, 
with total weight gain being the dependent variable. This analysis made it possible to estimate 
the marginal effects of management practices on weight gain. 
Regression results 
Blantyre. One equation was estimated with no interaction terms, shown as function 1 in Table 
12, and another with four interactions, shown as function 2. In function 1, most of the variables 
were significantly different from zero at the 1% level. In function 2, the significance levels for the 
same variables were generally lower, presumably due to the interactions tested. In particular, 
the effect of crossbreds on total weight gain (function 1) was negative in function 2, even though 
the absolute values of the coefficients were not very different between the two functions. 
Table 12. Factors determining total weight gain of stall-fed steers in Blantyre, southern Malawi, 
1972–82. 
Variable  
Function 1 Function 2 
Regression 
coefficient 
t-statistic Regression 
coefficient 
t-statistic 
Weight in 0.1145 2.8927*** 0.2578 1.9336* 
Days-at-stall 0.0398 2.4255** 0.3435 1.8371* 
Month entered 
February –22.4603 4.4651*** –20.4741 4.0129*** 
March –11.8283 3.1060*** –10.8760 2.8267*** 
April –17.1218 4.0546*** –15.8104 3.6669*** 
May –9.7030 2.3887*** –8.0634 1.9424* 
June –11.1558 2.8905*** –9.4541 2.3998** 
July –31.7676 6.5060*** –29.9649 6.0240*** 
August –27.8749 5.9573*** –26.0859 5.4520*** 
September –13.9663 2.6756*** –12.8946 2.4442** 
October –17.7454 4.3663*** –16.8727 4.1344*** 
November –32.4820 6.3166*** –31.9454 6.1969*** 
Year entered 
1975 –17.4023 5.9211*** –17.0086 5.7745*** 
1976 –16.1442 5.1552*** –16.9712 5.3767*** 
1977 –19.0915 6.1677*** –19.0292 6.1485*** 
1978 –17.6759 5.6266*** –17.4928 5.5664*** 
1980 –31.0685 4.0877*** –30.1012 3.9300*** 
Breed 
Offtype –9.6264 3.0381*** 13.1383 1.3513 
Crossbred –9.8450 1.8450* –8.9790 0.4494 
Interaction 
Weight in × days-at-stall not estimated –0.0008 1.1384 
Days-at-stall squared not estimated –0.0002 1.5405 
Days-at-stall × crossbreds not estimated –0.0076 0.0707 
Days-at-stall× offtypes not estimated –0.0216 0.4626 
Adjusted R2   0.0678   0.0689 
F-statistic   10.5540***   9.0384*** 
Degrees of freedom   19, 2478   23, 2474 
Notes. The significance levels are: * = significant at the 10% level, ** = significant at the 5% 
level, and *** =significant at the 1% level with a two-tailed test. The dummy variables for months 
are calculated with reference to December and January. The dummy variables for years are 
calculated with reference to 1974, 1979 and 1981. The dummy variables for breeds are 
calculated with reference to the Malawi Zebu. 
The optimal number of days at stall was calculated using the regression coefficients of function 
2. This was done by taking a derivative of function 2 with respect to days at stall, setting it equal 
to zero, and calculating the optimal value. Because a second derivative for days at stall was 
negative, the resulting optimum was a maximum. The solution was 317 days, which was almost 
70% longer than the Blantyre sample mean of 188.5 days. The optimal value was greater than 
about 98% of the sample values. 
Lilongwe. Table 13 shows that the regressions for Lilongwe had slightly higher R2 values than in 
Blantyre, and that the coefficients differed somewhat in terms of sign and significance level. 
Table 13. Factors determining total weight gain of stall-fed steers in Lilongwe, central Malawi, 
1972–82. 
Variable  
Function 1 Function 2 
Regression 
coefficient 
t-statistic 
Regression 
coefficient 
t-statistic 
Weight in 0.0375 1.3831 0.1013 1.0060 
Days-at-stall –0.0330 2.5957*** 0.0416 0.3017 
Month entered 
February 11.9156 0.9965 11.9835 1.0025 
March –1.2846 0.1000 –1.4060 0.1095 
April 25.8942 2.1190** 25.3924 2.0777** 
May 12.5342 1.0588 12.0805 1.0203 
June 8.7012 0.7314 8.4204 0.0447 
July –0.5467 0.0447 –0.5931 0.0447 
August 27.0737 2.2007** 26.7906 2.1772** 
September 18.6129 1.4970 18.3517 1.4758 
October 31.4282 2.5225** 30.7124 2.4635** 
Year entered 
1972 –14.2524 4.0498*** –13.9299 3.9498*** 
1977 –27.4163 8.4179*** –27.821.4 8.5008*** 
1978 –21.6162 6.4826*** –21.9414 6.5631*** 
1979 –33.8007 13.1405*** –33.9424 13.0278*** 
1980 –14.1093 4.5435*** –14.6602 4.6532*** 
1981 –18.1030 7.6013*** –18.3017 7.6377*** 
1982 –17.3670 2.2007** –18.9123 2.3759** 
Breed 
Crossbred –1.0852 0.5060 3.4736 0.4648 
Interaction 
Weight in × days-at-stall not estimated –0.0004 0.7543 
Days-at-stall squared not estimated –0.0001 0.9143 
Days-at-stall × 
crossbreds 
not estimated –0.0178 0.5282 
Adjusted R2   0.1014   0.1018 
F-statistic   18.7254***   16.3721*** 
Degrees of freedom   19, 2965   22, 2962 
Notes. The significance levels are:*= significant at the 10% level,**= significant at the 5% level, 
and***= significant at the 1% level with the two-tailed test. The dummy variables for months are 
calculated with reference to November, December and January. The dummy variables for years 
are calculated with reference to 1973, 1974, 1975 and 1976. The dummy variables for breeds 
are calculated with referenceto the Malawi Zebu. 
Comparison of regression results for Blantyre and Lilongwe 
Function 1. The regressions for Blantyre and Lilongwe had about the same explanatory power, 
but the F-statistic of the Lilongwe function was higher because of more error degrees of 
freedom. Some important differences in coefficients were found: the 'weight in' coefficient for 
Blantyre was about 3 times larger than the Lilongwe coefficient and was significant at the 1 % 
level, whereas the Lilongwe coefficient was not significant at the 10% level. The 'days-at-stall' 
variable for Blantyre was positive, while that for Lilongwe was negative 
The month dummies for Blantyre were all negative and significant at the 1% level; those for 
Lilongwe were generally positive, though not significant. Because the dummies were for the 
same months, it was possible to compare their signs and magnitudes. The comparisons showed 
some very striking differences: for example, the August coefficient for Blantyre was –29.9 and 
for Lilongwe it was 27.1, while the respective April coefficients were –17.1 and 25.9. These 
figures suggest that the two areas have different seasonal patterns of feed supply. 
The Blantyre regressions showed that the total weight gains of steers starting fattening during 
December–January were higher than the gains of steers that went on feed in other months of 
the year. In Lilongwe, the opposite was true: steers entered for stall-feeding in November, 
December and January gained less than those entered during the other months. These data do 
not tell us much about the reasons for this difference, but they have important implications for 
extension work and should be investigated further. 
Function 2. The second function also showed some dissimilarities. Although the signs of the 
'weight in' and 'days-at-stall' variables for Blantyre and Lilongwe were the same, the magnitudes 
were much larger for Blantyre. Moreover, the Blantyre coefficients were significant at the 10% 
level while those for Lilongwe were not. 
The Blantyre dummy for crossbreds was negative and the Lilongwe one positive, but neither 
was significant. The month dummies show that while the sign of the month coefficients did not 
change between functions 1 and 2 in either data set, the magnitudes were different, although 
not very much. 
'Weight in' × 'days-at-stall' interactions had the same sign in both areas, but neither coefficient 
was significant and that for Blantyre was twice as large as that for Lilongwe. 'Days-at-stall 
squared' was negative for Blantyre and positive for Lilongwe, but neither coefficient was 
significant. The 'days-at-stall' × 'crossbreds' interaction was negative and insignificant for both 
areas. 
CONCLUSIONS 
The biological and financial analyses presented in this study show that genetic and 
environmental factors, particularly breed, age, and month and year entered, influence most 
biological and economic traits of stall-fed cattle. However, the total contribution of these factors 
to total variation in some traits (e.g. total weight gain) suggests that other factors (not identified 
in this study) may be important in stall-feeding operations. 
When compared on the basis of metabolic body weight, the indigenous Malawi Zebu steers 
performed better in terms of several biological characteristics than the Friesian × Malawi Zebu 
and Friesian × offtype crossbreds. This and the other finding that reasonable weight gains are 
possible under a low-input management system strongly suggest that the scheme would be 
suitable for other developing countries where smallholder farmers have access to cattle for 
fattening and agricultural byproducts. 
The financial rate of return to smallholder steer fattening in Malawi was high, but a substantial 
portion of the return was due to price changes. This implies that if such significant interactions 
as breed × starting month of feeding were exploited to increase steer weight gain, then it would 
be possible to pay a smaller price differential to producers and, at the same time, offer a lower 
beef price to consumers. 
Given the substantial differences between Blantyre and Lilongwe in total weight gains of stall-
fed steers, a survey of a relatively small subsample of producers from these two areas should 
be undertaken to gain better knowledge of the seasonal differences in weight gains. This 
information could be used by agricultural extension workers to improve the share of weight 
gains in net returns to steer fattening. 
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Vegetation monitoring by remote sensing: Progress in 
calibrating a radiometric index and its application in the 
Gourma, Mali* 
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et premières applications au Gourma (Sahel malien)’. 
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SUMMARY 
ILCA CARRIED OUT studies in the Sahel to evaluate the merits and limitations of a satellite-
derived normalized difference vegetation index (NDVI) in estimating vegetation cover, above-
ground biomass and/or production. The index was calibrated on 30 ground sites in the Gourma 
region of eastern Mali, using biomass clippings and radiometer measurements taken during the 
1985 growing season. 
The results of the analysis indicated that because of atmospheric interference and technical 
constraints, the relationship between NDVI and above-ground biomass is not direct. A modified 
form of the index, the integral of NDVI increments over time, proved to be a better indicator of 
above-ground biomass accumulation, despite its sensitivity to soil background reflectance. 
Integrated index increments were calibrated for sandy, clayey and conglomerate soils and 
applied in computerised mapping of plant biomass. 
INTRODUCTION 
Quantifying the temporal and spatial changes in forage resource availability has long been a 
stumbling block in rangeland survey and mapping. Remotely sensed data could provide a 
solution to the problem, if they can be turned into meaningful variables. 
Collaborating with the Global Inventory Monitoring and Modelling Studies (GIMMS) group of the 
National Aeronautics and Space Administration (NASA), ILCA's team in Mali carried out 
research in 1984/85 aimed at testing and calibrating a spectral vegetation index calculated from 
data sensed by the advanced very high resolution radiometer (AVHRR) on board the NOAA-7 
satellite. This research was prompted by interest in the inter-seasonal dynamics of primary 
production (see Cissé, 1982; Hiernaux, 1983; Hiernaux et al, 1984; Diarra et al, 1986) and by 
previous remote sensing work elsewhere in the Sahel (see Tucker et al,1983;1985). 
The results of monitoring changes in vegetation cover in the Gourma region of Mali during the 
1984 growing season were reported in Hiernaux and Justice (1986). An overview of ILCA's 
remote sensing activities in 1985 is given in Hiernaux and Diarra (1986). In this paper, three 
types of relationship are evaluated – between NDVI and above-ground biomass; between 
maximum NDVI and end-of-growing season biomass; and between the integral of the NDVI 
curve or NDVI increments over time and actual biomass. Atmospheric interference and 
technical problems affecting the spectral vegetation index are described, as are also two initial 
applications of the multitemporal integration technique in computerised mapping of plant 
biomass in the region. 
METHODS 
The index 
A normalized difference vegetation index was calculated from radiance data simultaneously 
measured in the visible (R) and near-infrared (IR) wavelength bands, such that: 
NDVI = (IR – R)/(IR + R) 
Values ranging between +1 and –1 were interpreted on the basis of relationships established 
between the red and near-infrared radiances and green biomass. The red radiance decreases 
with increased green biomass as a result of greater absorption of incident radiation by plant 
chlorophylls, and the near-infrared radiance increases slightly with increased green biomass 
because of radiation scattering by the hydrated walls of leaf cells. 
The index was calibrated at 30 sites in the Gourma region of eastern Mali, by comparing 
remotely sensed data with ground measurements of above-ground biomass taken in 1985 and 
recorded in Diarra et al (1986). To determine more precisely the relationship between the index 
and actual above-ground biomass, further comparisons were made with reflectances sensed on 
the ground (1.5 m above plant canopy) and from the air (610 m). 
Ground monitoring 
Thirty 4 × 4 km2 ground sites were selected in the central Gourma for their floristic homogeneity. 
Visual observations and sample clippings were repeated every 2 or 4 weeks on 12–24 one 
m2 plots randomly distributed along two 1-km long, permanent linear transects. 
For each plot, plant species were identified and percentage green cover was estimated. Above-
ground dry biomass was measured by clipping, drying and weighing. Sampling on the ground 
combined random sampling and stratification at two levels – by plant community and by 
quantitative stratum within each community. The results were weighted by the relative area 
covered by each stratum and community along the transect. 
Communities of woody species were sampled once in 1984 and again in 1985. Measurements 
were taken of the length of the transect segments overlayed by tree or shrub canopies and of 
such physical parameters as crown area, trunk circumference and height. Total foliage biomass 
was estimated on the basis of allometric relationships found to exist between biomass and 
individual physical parameters (Hiernaux, 1980; Cissé, 1980). These relationships were 
weighted by monthly clippings of leaf biomass on standard branchlets (values given by 
Cissé,1982). 
Ground and aerial radiometer measurements 
Ground clippings and visual observations of grass and tree samples were often preceded by in 
situ radiometer measurements using a hand-held Exotech radiometer equipped with a 15° lens 
and Thematic Mapper filters in the red (0.63-0.69 µm) and near-infrared (0.76–0.90 µm) wave-
bands. All measurements were taken 1.5 m above the plant canopy and replicated three times. 
The spectral reflectance of soil background cleaned of all vegetative material was similarly 
measured. 
For comparison, soil/vegetation reflectance mixtures were determined on 1-m2 plots. This was 
done by taking hand-held radiometer measurements of whole leaves or segments of leaves 
clipped fromMusa sinensis, Cassia tora and Diospiros mespiliformis and arranged flat on six 
different backgrounds (black soil, sand, clay, loam, sandstone and water). The treatments were 
replicated six times. 
In situ measurements were complemented by aerial radiometer measurements of above-ground 
biomass on 24 May, 24 August, 13 October and 11 November 1985. The radiometer in this 
exercise was fixed to the floor of a light aircraft flying at an altitude of 610 m, enabling data 
sensing at an instantaneous field of view (IFV) of 160 m in diameter. In addition, aerial 
photographs with a field of view of 915×610 m were taken at the same sampling frequency. 
Satellite data 
The advanced very high resolution radiometer on board NOAA-7 records spectral reflectances 
in the visible (0.58-0.68 µm) and near-infrared (0.725 -1.1µm) channels in the form of 10-bit 
digital data. The data were 'merged' on the Hewlett-Packard 1000 interactive image display 
system and mapped to Mercator grid coordinates using the geographical coordinates embedded 
on the AVHRR data tapes. The resultant grid image was modified by geometric corrections to 
the Niger course and the Gossi lake. 
To limit registration errors and atmospheric distortions, only full-resolution data (i.e. 1.1 km2 at 
the nadir) were used to composite 'local area coverage' (LAC) scenes. Scenes were then 
selected that were within a scanning angle of less than 30° from the nadir and had optical 
thickness of <1 in the near-infrared channel. Pixels obscured by cloud cover were eliminated 
using a cloud mask with a threshold of 290° K in the thermal infrared. 
After selection, 27 scenes based on data acquisitions during July – December 1985 were 
available for analysis: of these 13 (July to September) were analysed. The NDVI values derived 
for each ground site were mean values calculated from 3 to 9 pixels, depending on the size of 
the site. 
RESULTS AND DISCUSSION 
NDVI and biomass 
Ground-collected reflectances from the Gourma confirm that there is a close relationship 
between NDVI and above-ground biomass (Table 1). But they also show that the index is 
specific to both the type of vegetation monitored (Grouzis and Methy, 1983) and stage of growth 
(Gaston et al, 1983; Wagenaar and de Ridder, 1986). The relationship between the index and 
actual biomass at a given site thus changes as the season progresses (Figure 1). 
Table 1. The relationship between NDVI and above-ground biomass (B) measured during the 
1985 growing season, Gourma, eastern Mali. 
Site 
Date 
Linear regression of NDVI on 
B (kg DM ha–1) 
Correlation coefficient (r) 
Plant humidity rate 
(%) 
17 
(sand) 
14/8 NDVI=838*B+256 0.82 83 
28/8 NDVI=405*B+212 0.77 74 
10/9 NDVI=167*B+275 0.61 56 
30/9 NDVI=115*B+312 0.83 35 
20 
(clay) 
2/8 NDVI=565*B+411 0.80 88 
31/8 NDVI=133*B+646 0.58 82 
14/9 NDVI=129*B+521 0.76 73 
2/10 NDVI=46*B+455 0.42 60 
Note: Regressions based on 24 measurements. 
Figure 1. Regression lines1 for NDVI2 and field-layer biomass at two sites in the Gourma, 
eastern Mali, 1985 growing season. 
 
1 Based on regression equations in Table 1. 
2 NDVI = normalized difference vegetation index calculated from ground-collected reflectance 
data. 
Figure 2 shows that the maximum NDVI value occurs well before maximum biomass, which 
suggests that the index is not a direct function of actual above-ground biomass. As a result, 
simple linear regressions between the index and biomass give mediocre or even poor results, 
whatever the altitude from which measurements are taken (Hiernaux and Diarra, 1986). Poor 
correlations between NDVI and actual biomass result also from physical interference and 
technical constraints associated with the NOOA-7 and its sensor, both varying according to the 
altitude at which the radiometer measurements are taken. 
Figure 2. Comparative seasonal changes in plant biomass, NDVI1 and the integral of the NDVI 
increment, Gourma, eastern Mali, 1985. 
 
1 NDVI = normalized difference vegetation index calculated from NOAA-7/AVHRR data. 
Interference associated with soil background 
Transforming the IR/R ratio into a normalized difference vegetation index reduces distortions 
caused by differences in brightness between soil backgrounds, but does not eliminate them, 
especially when the soil is moist or flooded, the latter giving negative index values. Index values 
calculated for different soil backgrounds indicate that while the spectral responses of bare soils 
differ only slightly, the reflectance mixtures of green vegetation and soil background vary 
according to soil type (Figure 3). The mixed-response curves are almost linear for light loams 
and sandstones, but inflected for red and black soils and for water, the degree of the inflectance 
increasing with increasing light absorption by the background (Huette et al, 1985). 
Figure 3. Impact of background type on NDVI calculated from ground radiometer 
measurements1, Bamako, Mali, July 1985. 
 
1 Measurements taken with a hand-held radiometer on 7 July between 13:00 and 16:00 h. 
These differences indicate that background-related interference will not be eliminated by merely 
calculating a standard increment between the index values for bare soil and vegetation/soil 
mixtures. The relationship between NDVI and actual biomass must be established separately 
for each soil background, by subtracting its reference value from the observed index. 
Atmospheric interference 
A comparison of ground, aerial and satellite data from the Gourma confirmed that, despite 
various technical problems, atmospheric conditions exert a major influence on NDVI (Hiernaux 
and Justice, 1986; Wagenaar and de Ridder, 1986). 
Because of the frequent presence of dust particles in the air, ground-collected soil reflectances 
tend to increase in the Sahel, the visible incoming radiation being reflected by dust in 
suspension more than the incoming near-infrared radiation. In comparison, aircraft- and, 
particularly, satellite-derived index values are lower, approaching those of dust which are 
comparable with bare-soil values. This is because radiance measured in the air consists of both 
radiation reflected from the ground (which is affected by the crossing of the dust-ridden 
atmosphere) and radiation reflected by dust in suspension, the density of which increases as 
the dust becomes thicker. 
The accuracy of remotely sensed data depends greatly on the clarity of the atmosphere, 
quantified in the inverse form of optical thickness (Holben, 1986). Atmospheric conditions during 
the 1985 growing season were not very favourable: daily measurements at 14:30 h in Gossi, 
central Gourma, show that in only 41% of the cases were conditions clear enough (optical 
thickness 0.75 in the near-infrared wave band), while 23% were cloudy and the remaining 36% 
were dusty. To reduce the effect of unclear atmospheric conditions on NDVI, data were selected 
using a cloud mask and scene compositing, in addition to calculating optical thickness. 
The cloud mask helps select cloud-free pixels on the basis of thermal differences in the far 
infrared, but it is not effective for all types of cloud and haze. The other procedure, scene 
compositing, involves the selection of the highest index value for each pixel in a set of 
consecutive days' data acquisitions, as this value is most likely to be least affected by 
atmospheric interference. In scene compositing much depends on the length of the period over 
which data are composited: using a large number of acquisitions over a long period increases 
the chances of selecting for clear atmospheric conditions, while using fewer acquisitions over a 
shorter period enables more precise monitoring of temporal changes in vegetation cover. 
Invariably, however, a compromise must be struck between the two options. 
The compositing period used in the Gourma project varied between 9 and 27 days, depending 
on the optical thickness at 14:30 h, the overpass time of the NOAA-7 satellite. The daily optical 
thickness values were calculated from ground measurements of solar radiation at seven sites in 
the region, as reported by Holben (1986). 
Technical constraints 
In remote sensing, problems due to atmospheric interference are often confounded by technical 
constraints associated with the characteristics of the orbit of the satellite, but also with 
differences in sensor instrumentation and optical fields (Figure 4). The major constraints 
encountered with the AVHRR on board the NOAA-7 satellite are: 
 The two wavelength bands used, the visible and near infrared, are not ideally positioned 
to calculate the index. Moreover, once launched, the scanner is not recalibrated; in the 
Gourma project, calibration error occurred on 20 September 1985, preventing the 
analysis of data sensed after this date. 
 The size of the basic pixel and the scanning angle of the sensor cause geographic 
distortions and increase atmospheric interference which cannot be completely corrected 
(Holben and Fraser, 1984). 
 The scanning frequency of the NOAA-7/AVHRR is twice daily with one daylight crossing 
over the Sahel at about 14: 30 h, but the scanning angle is variable and limits the 
frequency of usable data to 3 consecutive days out of every 9. 
 Resampling the data into a 'global area coverage' type of product reduces geographic 
resolution by a ratio of 1:15 and multiplies errors (Kidwell, 1984). In the Gourma project, 
only the 'local area coverage' data (pixel size 1.1 km2) were calibrated, although their 
availability was limited. 
Figure 4. Problems of using NDVI for remote sensing of forage resources. 
 
Maximum NDVI and end-of-season biomass 
The difference in the dates at which maximum NDVI and maximum biomass values occur 
(Figure 2) would support the hypothesis, already verified experimentally by Bille (1986), that 
there is a direct relationship between the index and the greenness density of biomass, albeit 
affected somewhat by soil background, vegetation pattern and shadowing. This hypothesis was 
also tested in the Gourma. 
A cause-and-effect relationship was assumed to exist between the maximum greenness density 
during the growing season and maximum biomass at the end of the season (Hatfield et al, 1984; 
Sellers, 1985; Lamprey and de Leeuw,1986). End-of-growing-season biomass depends, 
however, on cumulative production and the amount of losses through degradation and transfers 
in photosynthetically inactive vegetation. It is therefore not surprising that simple linear 
regressions between the maximum NDVI and end-of-growing season biomass give highly 
variable results, regardless of the altitude from which radiometer measurements are taken. 
Subtracting bare-soil reflectance values from the index only marginally improves the 
relationship, which is better on sandy than on clayey or conglomerate soils (Table 2). The 
relationship also seems to improve when actual biomass is lower, as was the case in 1984 
(Hiernaux and Justice, 1986). Nonetheless, the high temporal and spatial variability in the 
relationship limits the relevance of the maximum NDVI parameter for forage resources 
assessment. 
Table 2. The relationship between maximum NDVI and end-of-growing season biomass at 5 
sites in the Gourma, eastern Mali, 1984–85. 
Origin and year 
of measurement 
Soil background 
and site 
Linear regression of NDVImaxa on 
Bmaxa (kg DM ha-1) 
Correlation 
coefficient r 
Ground Sand (7) NDVImax = 85*Bmax+375 0.67 
(1985) Clay (5) NDVImax = 70*Bmax+465 0.37 
NOAA-7b Sand (11) NDVImax = 66*Bmax+524 0.71 
(1985) Clay (9) NDVImax = 12*Bmax+528 0.74 
NOAA-7b 
(1984) Mixed (13) NDVImax = 22*Bmax+46 0.67 
a NDVImax = maximum normalized difference vegetation index; Bmax = maximum growing-
season biomass. 
b Index covers grass and tree foliage biomass. 
Integrated NDVI 
Assuming there are direct relationships (Figure 4) between NDVI and greenness density and 
between greenness density and photosynthetic activity, and assuming further that biomass is 
proportional to gross cumulative production, then the integral of the NDVI curve over time 
should correlate with actual above-ground biomass. This also assumes, however, that the other 
factors affecting biomass – organic degradation and transfers out – are either insignificant or do 
not vary over time. 
In fact, though, the integral of the index curve calculated over the 1985 growing season did 
prove to be a good indicator of total biomass accumulation to which it was linearly related (Table 
3), especially when soil-background reference values were deducted from the combined index 
values for vegetation and soil. Separate regressions were calculated for sandy and clayey soils, 
and the integral of index increments over the growing season was also applied to different 
phases of growth, irrespective of whether radiometer measurements were made on the ground 
or from the air (Table 4). Correlations for aerial measurements were improved by estimating the 
foliage biomass of trees and shrubs besides that of the field layer, in proportion to their cover. 
Table 3.The relationship between the integral of the NDVI curve (li) for end of June to mid-
September 1985 and total biomass accumulation (B), Gourma, eastern Mali. 
Origin and year of 
radiometer measurement 
Soil background 
and site 
Linear regression of Ii on B 
(t DM ha-1) 
Correlation coefficient 
(r) 
Ground Sand (7) Ii = 8.152*B – 2.43 0.89 
(1985) Clay (5) Ii = 3.347*B – 14.78 0.48 
NOAA-7a Sand (11) Ii = 1970*B + 262 0.67 
(1985)  Clay (9) Ii = 521*B + 553 0.88 
a Satellite-derived index covers tree foliage. 
  
Table 4. The relationship between the integral of index increments (Iii) over the 1985 growing 
season and biomass (B), Gourma, eastern Mali. 
Origin and date of 
radiometer measurement 
Soil type and site 
Linear regression of Iii on B (t DM 
ha–1) 
Correlation 
coefficient (r) 
Ground(1985) Sand (13) (a) Iii = 4.878 * B – 0.538 0.88 
  Clay (12) Iii = 5.722 * B + 3.997 0.79 
NOAA-7(1985) Sand (36) Iii = 2.162 * B + 1.491 0.85 
  Clay (25) Iii = 0.520 * B + 178.0 0.85 
The choice of the integration period modified both the intercept and slope of the NDVI/biomass 
regressions, indicating that this may affect the application of the technique in general situations. 
Sensitivity to the dates for beginning and ending the data integration should therefore be tested 
for several sites, seasons and vegetation types before adopting the integrated NDVI for large-
scale forage resource assessment. 
Mapping trials 
The next stage of the calibration exercise in the Gourma included trials to map changes in 
above-ground biomass during the growing season and to determine the potential of the 
multitemporal integration technique for data extrapolation to wider ecological settings. Two 
distinct mapping trials were carried out: one around Gossi town (15°49’ N, 01°18’ W) in central 
Gourma, and one covering the whole of the Gourma region (about 150 000 km2). 
Plant biomass maps for Gossi 
The mapping trial in Gossi involved 250 km2 of highly diverse environment. A set of seven grid 
maps was made, each grid cell covering an area of 1.5 km2, the approximate size of the local 
area coverage pixel of the NOAA-7/AVHRR data. The maps show changes in grass and tree 
foliage biomass from 2 July to 15 September. 
Biomass was expressed in seven classes, with limits of 75, 150, 300, 600, 1200, 2400 and 4800 
kg DM ha-1. Pixels were classified within this scale according to the integrated value of index 
increments at a given date. Seven soil backgrounds were distinguished from a plant ecology 
map derived by photo-interpretation. Soil background reflectance was taken into account twice: 
first, when calculating an index increment, and again when calculating separate regressions for 
the seven soil backgrounds identified. 
 The index increment was calculated by subtracting the soil NDVI reference value from the 
combined vegetation/soil index values sensed during the growing season. Results obtained for 
each of the seven sub-strata were then separately applied to the observed index. The resulting 
biomass maps were not checked independently for accuracy, but 5 of the 30 sites used to 
calibrate the relationship between the NDVI and biomass lay in the area mapped, and the 
ground measurements carried out on them correlated well with the information on the biomass 
maps. 
Plant biomass map for the Gourma 
This trial was carried out to investigate the applicability of the integrated NDVI for forage 
resource monitoring across the Gourma region. Because soil brightness was not measured, soil 
backgrounds were determined using NDVI values calculated for the beginning (November) and 
end (June) of the 1984/85 dry season. This led to distortions, as NDVI does not differentiate 
adequately between various types of soil background. 
The relationship between the integrated NDVI and above-ground biomass was calculated only 
for the end of the growing season (15 September), and the resulting 1.5 km2 grid map was of 
value merely from a methodological standpoint. Nevertheless, the trial indicated that the 
multitemporal integration technique is potentially suitable for wider data extrapolation. This 
would add to its other advantage, namely that it requires only a few minutes of computer time, 
or a maximum of few hours if one counts the time spent on preliminary data processing. 
CONCLUSION 
Monitoring of range resources has been hampered by a lack of a suitable method to quantify 
temporal and spatial fluctuations in plant biomass, and rangeland mapping has been limited to 
qualitative plant stratification. Given their wide geographic coverage and high frequency of 
acquisition, satellite-derived spectral data offer a possible solution to the problem, but their 
interpretation for practical quantitative assessment of forage resources is not straightforward. 
The calibration of a normalized difference vegetation index calculated from NOAA-7/AVHRR 
data in the Gourma region of Mali showed that, despite good correlations and linear fitting at a 
given site and on a given date, the relationship between the index and actual biomass is neither 
direct nor consistent. The integral of the index curve should theoretically be better related to 
actual biomass, as it is a function of the cumulative, intercepted, photosynthetically active 
radiation (IPAR), but the linear regressions of the integrated NDVI on biomass also varied with 
site and season. 
Part of this unreliability was associated with differences in soil background response, but the 
main distortions were due to atmospheric interference. Soil-related effects were reduced by 
calculating the relationship between the integral of NDVI increments over time and above-
ground biomass separately for each soil type. Atmospheric interference can be reduced by 
selecting data or scenes least affected by cloud, haze or atmospheric dust. In the Gourma 
project, the quality of the remotely sensed data was sufficiently improved by empirical data 
selection procedures to allow automatic mapping of range resources at a coarse resolution. 
The mapping trials carried out indicate that satellite-derived digital data facilitate the analyses 
and calculations needed for rapid production of simple thematic maps. Combining the 
information such maps give on the temporal dynamics of plant biomass with information on 
plant stratification maps (which need to be digitalized for this purpose) would provide a better 
data base for improved resource management in pastoralareas. 
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The effect of PPR control and dipping on village goat 
populations in southwest Nigeria 
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SUMMARY 
GOATS IN SEVEN villages in southwest Nigeria were divided into three treatment groups: 
dipping plus vaccination against peste des petits ruminants (PPR), dipping only, and control. 
Over a 2-year trial period, animal numbers in the first two groups increased by 86 and 162% 
respectively, compared with a 46% increase in the control group. Both kidding rate and 
purchase of young animals were highest in the dipping plus vaccination group. Compared with 
the control, exits in the dipping group were markedly lower, the mortality rate for young animals 
decreasing by 54% and the overall levels of sales and loans-out dropping. Young stock mortality 
in the dipping plus vaccination villages was 24% lower than in the control villages, but other exit 
rates were similar. 
INTRODUCTION 
ILCA introduced a long-term health package for village goats in southwest Nigeria in 1982. The 
package consisted of annual vaccination against peste des petits ruminants (PPR) with tissue 
culture rinderpest vaccine (TCRV), and monthly dipping against sarcoptic mange using gamma 
benzene hexachloride. 
The preliminary results reported in ILCA (1985) suggested that goat mortality rates were greatly 
reduced by the health package, and that animal numbers in the villages increased. However, 
changes in the birth and mortality rates may not have been the only reason for the observed 
population changes. To clarify the effects of the health package tested, the data were re-
analysed and the results of the analysis are discussed in this paper. 
METHOD 
Seven villages near Fashola, Oyo State, were visited monthly between December 1982 and 
November 1984. At the start of the survey all goats in the study villages were divided into three 
groups1: the dipping plus vaccination group (D + V), which comprised animals from three 
villages, the dipping group (D) and the control group (C), the last two each comprising goats 
from two villages (Table 1). All animals in the groups were tagged. The treatments were monthly 
dipping in acaricide in groups D and D +V and annual vaccination with TCRV in group D + V. 
1The original design included a fourth group in which goats were only vaccinated against 
PPR, but these animals were withdrawn by their owners soon after the start of the trial, 
and are not therefore included in the analysis. 
Table 1. Human and goat populations in seven villages in Oyo State, southwest Nigeria, 1982–
84. 
  Dipping and vaccination Dipping Control 
Total households 29 48 26 
Total adult humans 68 113 55 
Males 37 53 22 
Females 31 60 26 
Number of animals 
December 1982 129 81 65 
November 1984 240 212 95 
Villages Apologun, Iporin-
Shangodeyi and 
Temidire- Egbejoda 
Igbonla and 
Onduagbon 
Arowona and Mogaji-
Oluewu 
Entries into the herds (including births, purchases and animals accepted for caretaking) and 
exits (deaths, sales, loans-out, gifts, ceremonial slaughters and animals returned to owners after 
caretaking) were recorded monthly and tags allocated as appropriate. Births were recorded as 
singles, twins, triplets or quadruplets, the records showing also the sex of the offspring, the 
month of birth and dam number. Kidding interval was determined from records of dams that had 
more than one parturition during the 24 months of the trial. 
For the purposes of data analysis, the dividing line between young and adult animals was set at 
12 months of age. Kidding rates were expressed as kids born during the trial, multiplied by 12 
and divided by the sum of adult female goats present in each month. Monthly entries other than 
births and exits were expressed as entry or exit divided by the total goat population in that 
month. 
RESULTS 
Overall numbers. During the 24 months of the trial, the number of goats present in the herds 
increased in all treatment groups (Table 2): the highest increase was recorded for group D 
(162%), followed by group D + V (86%) and group C (46%). In group D + V the number of adult 
goats increased more sharply than that of young stock, while in the control villages both age 
groups increased by a similar amount, and in group D the number of young stock rose faster 
than that of adult goats. 
Table 2 . Herd structure at the start (December 1982) and end of the trial (November 1984) and 
changes in goat numbers over 1982–84, southwest Nigeria. 
  Dipping and vaccination Dipping Control 
  n % n % n % 
December 1982 
Male Young 28 21.7 10 12.3 17 26.2 
  Adult 4 3.1 0 0 0 0 
Female Young 40 31.0 19 23.5 9 13.8 
  Adult 57 44.2 52 64.2 39 60.0 
Total number 129   81   65   
November 1984 
Male Young 47 19.6 34 16.0 19 20.0 
  Adult 30 12.5 21 9.9 13 13.7 
Female Young 49 20.4 52 24.5 22 23.2 
  Adult 114 47.5 105 49.5 41 43.2 
Total number 240   212   95   
Changes in herd numbers 
  Young 28 41.2 57 196.6 15 57.7 
  Adult 83 136.1 74 142.3 15 38.5 
  Overall 111 86.0 131 161.7 30 46.1 
Herd structure. The proportion of adult males increased over the trial period by about 10 
percentage units across all groups (Table 2). The proportion of adult females changed little in 
group D + V, and decreased in groups D and C. 
Entries. Total entries (expressed as percentages of total animal months) were similar for all 
treatment groups (Table 3). The entry rate for young stock was lowest in group D (139%), 
compared with about 155% for group C and 152% for group D+V. 
Table 3. Entries and exits as percentages of goats present in each category, southwest Nigeria, 
1982–84. 
Type of 
entry or 
exit 
Animal 
Category 
Dipping and 
vaccination 
Dipping Control 
n % n % n % 
Entries 
All entries 
Young1 305 152.0 242 139.2 123 154.8 
Adult2 16 7.7 11 6.6 4 4.1 
Overall3 321 79.0 253 74.7 127 71.7 
Purchase 
Young 48 23.9 37 21.1 17 21.2 
Adult 12 5.8 11 6.6 4 4.1 
Overall 60 14.7 48 14.1 21 11.8 
Exits 
All exits 
Young 140 69.6 82 46.8 67 83.7 
Adult 71 34.4 42 25.3 31 31.5 
Overall 211 51.7 124 36.3 98 54.9 
Deaths 
Young 38 18.9 20 11.4 20 25.0 
Adult 14 6.8 4 2.4 3 3.0 
Overall 52 12.8 24 7.0 23 12.9 
Sales 
Young 48 23.9 21 12.0 22 27.5 
Adult 23 11.1 7 4.2 12 12.2 
Overall 71 17.4 28 8.2 34 19.0 
Loans-out 
Young 45 22.4 31 17.7 20 25.0 
Adult 30 14.5 26 15.6 14 14.2 
Overall 75 18.4 57 16.7 34 19.0 
Offtake4 
Young 102 50.7 62 35.4 47 58.7 
Adult 57 27.6 38 22.9 28 28.4 
Overall 159 39.0 100 29.3 75 42.0 
1 Young = sum of young animal months divided by 12. 
2 Adult = sum of adult animal months divided by 12. 
3 Overall = sum of total animal months divided by 12. 
4 Offtake (all exits minus deaths) = sum of total animal months in the respective category 
divided by 12. 
Births. Details on the reproductive performance of goats in the seven study villages during 
1982–84 are given in Table 4. Birth rate was highest in group D + V (1.5 kids/ dam/year, 
compared with 1.4 and 1.3 kids/ dam/year in groups D and C respectively), but mean litter size 
was lowest (1.5 vs 1.6 and 1.7-kids/parturition). Kidding interval differed marginally between 
groups, the lowest having been calculated for group D (7.6 months) and the highest for group C 
(8.4 months). 
Table 4. Reproductive performance of village goats, southwest Nigeria, 1982–84. 
  Dipping and vaccination Dipping Control 
  Number Mean Number Mean Number Mean 
Kidding rate (kids/dam/year) 250 1.5 204 1.4 106 1.3 
Kidding interval(months) 62 8.2 53 7.6 27 8.4 
Litter size(kids/parturition) 163 1.5 126 1.6 63 1.7 
  —%—   —%—   —%— 
Type of birth 
Singles 85 34.0 54 26.5 23 21.7 
Twins 140 56.0 132 64.7 74 69.8 
Triplets 21 8.4 18 8.8 9 0.0 
Quadruplets 4 1.6 0 0.0 0 0.0 
The proportion of multiple births was lower in group D + V (66%) than in the other two groups 
(75%). In group C, a lower proportion of births occurred in the months of December, January 
and February, indicating that conception rates were lower during the rainy period of July – 
September (Figure 1). 
Figure 1. Monthly births as percentages of adult female goats present in each month, 
southwest Nigeria, 1982–84. 
 
Twenty-two females born into the trial were observed to have a mean age of 12.5 months at first 
parturition. Ten observations each were made in groups D + V and D, and the remaining two in 
group C. However, only 20% of the females which were born into the trial and were older than 
12.5 months by November 1984 had given birth in groups D + V and D, and only 15% in group 
C. Thus over 80% of females older than 12.5 months had not given birth by the end of the trial. 
Purchases. About 12–15% of animals entering the herds were purchased, with young animals 
comprising over four fifths of the purchases (Table 3). Mean monthly purchases for February to 
July were similar in all groups (1.5–1.6%), but in the remaining 6 months of the year the mean 
for group C was lower (0.4%) than for the other two groups (0.9%) (Figure 2). 
Figure 2. Monthly purchases as percentages of all goats present in each month, southwest 
Nigeria, 1982–84. 
 
Loans-in. Few cases of loans-in were recorded during the study period, accounting 
for 2.3% of animals present in group D + V and for 0.3% in group D. No animals were received 
on loan into the control group. 
Exits. Exit rates were generally lower in group D than in the other groups (Table 3). Overall 
exits were twice as likely to be from young stock than from adults. 
Deaths. The overall mortality rate (Table 3) was lower in group D (7%) than in the other groups 
(about 13%). Across all groups, mortality among young stock was much higher than among 
adult goats, the difference being most marked in group C where young-stock and adult 
mortalities were 25 and 3% respectively. In all groups, mean monthly mortality rates were lower 
during February to July than during August to January. This difference was again most marked 
in group C, where the mean monthly mortality for August to January was 1.8%, twice as high as 
in group D for the same period (Figure 3). 
Figure 3. Monthly mortalities as percentages of all goats present in each month, southwest 
Nigeria, 1982–84. 
 
Sales. The proportion of animals exiting through sales (Table 3) was over twice as high in 
groups D + V (17%) and C (19%) as in group D (8%). Compared with sales of adults, twice as 
much young animals were sold from groups D + V and C, and almost three times as much from 
group D. Sales from all groups peaked in September (Figure 4), coinciding with the Muslim 
festival Id-el-Kabir. 
Figure 4. Monthly sales as percentages of all goats present in each month, southwest Nigeria, 
1982–84. 
 
Loans-out. The proportions of animals exiting the village herds on loan were similar in all 
treatment groups (Table 3). Young goats were given out on loan more often than adult goats, 
particularly in groups D + V and C. In all treatment groups, loans-out were high in January and 
February, with a further peak during August to October (Figure 5). 
Figure 5. Monthly loans-out as percentages of all goats present in each month, southwest 
Nigeria, 1982–84. 
 
Other exits. These accounted for only 24 out of a total of 433 exits, with ceremonial slaughter 
being the most important reason (20 cases). 
Offtake. Total offtake (all exits minus deaths) was highest in group C (42%), followed by group 
D + V (39%) and group D (29%). In group D, the lowering of offtake of young stock was more 
marked than that for adults (Table 3). 
DISCUSSION 
Animal numbers in the treatment villages increased faster than in the control villages, but these 
population changes were due to a combination of factors, some of which may not be directly 
attributable to the treatment applied. 
The overall entry and birth rates in the villages where goats were dipped were not much 
different from those in the control group. Fewer adult females in group D completed more than 
one reproductive cycle during the trial period, but their kidding interval was shorter than in the 
other two groups. Compared with the control, total exits in group D were reduced: this was 
partly due to a lower mortality among young stock, but sales were also reduced as were loans-
out of young stock. Lower mortality accounted for only about one third of the reduction in exits of 
young stock in group D, while the lower exit rate of adult goats was due mainly to a reduction in 
sales. 
Entries in the D + V group were higher than in the control group, resulting from small increases 
in both purchases and births. Mean litter size in group D + V was depressed, but a higher 
proportion of adult females in the group had more than one parturition during the trial. No 
differences were observed in the overall exits from groups D + V and C, nor in the various 
reasons for exits. The differences in the change of herd numbers during the trial period were 
due to an increase in adult goats present in the D + V group, which in turn reflects a drop in the 
mortality rate of young stock and hence an increase in the number of kids surviving to maturity. 
This confirms the findings of Sumberg and Mack (1985) that dipping and vaccination improves 
survival rate to weaning, and to 12 months of age. 
Adeoye (1985) reported that a dipping and vaccination regime similar to the one used in this 
study reduced monthly goat mortalities in the humid forest zone by 87%. Opasina (1984) found 
in the derived savannah that dipping and vaccination can lead to a 40% reduction in mortalities. 
The results of this study in the derived savannah are less encouraging. Peste des petits 
ruminants is, however, a cyclic endemic disease in Nigeria. Offspring acquire immunity from the 
dam, which is effective for about 3 months; in adult goats, immunity acquired from a survived 
infection lasts for about 3 years (Obi, 1982). Thus unless an outbreak of PPR occurred during 
the study period, no benefits would be expected from vaccination. 
The overall benefits of vaccinating against PPR in addition to dipping remain unclear under the 
conditions of this trial. The overall entry rates in groups D + V and D were not much different, 
and the exit rate was higher in group D + V. About one third of the difference in exits was due to 
a higher mortality rate in group D + V and the remaining two thirds to a higher sales rate. Thus 
the change in herd numbers over the period of the trial was less in group D + V than in group D, 
but the cash income that farmers derived from their herds was higher. 
Birth rate in the early dry season (December – February) was higher in groups D + V and D 
than in the control group, indicating a higher conception rate during the mid- to late rainy season 
(July – September). The highest mortality rate was recorded in September for group C, 
confirming previous observations on village goats (Mack, 1982; Sumberg and Mack, 1985; 
Adeoye, 1984). 
Age of the dam affects litter size (Sacker and Trail, 1966; Wilson and Durkin, 1988). In West 
African Dwarf goats, litter size increases up to a dam age of 48 months (S.A.O. Adeoye, ILCA, 
Ibadan, Nigeria, personal communication). The age of dam was not recorded in this study, but 
groups D and C had a higher proportion of adult females than group D + V at the start of the 
trial, and this may have affected litter sizes. 
Mack (1982), who studied sheep and goats in a similar village environment in southwest 
Nigeria, reported purchases accounting for 4% of total entries and sales accounting for 7% of 
total exits. These values are considerably lower than the 18% of purchases and 22–33% of 
sales recorded in this study. 
Group D farmers sold fewer animals than farmers in the other groups, sacrificing immediate 
cash income for the longer-term benefits obtainable from additional breeding animals. Farmers 
will sell a sick animal in the market rather than wait for it to die. This may explain the high sales 
offtake in group C compared with group D, but not why sales from group D + V should also be 
high, since breeding animals in particular are rarely sold when in good health (Sempeho,1985). 
Loans-in and loans-out in Mack's study were roughly equal at around 9% of total entries and 
exits, but in this investigation loans-in were negligible (1%) and loans-out accounted for 40% of 
total exits. Farmers have a social obligation to provide animals on loan if requested, and those 
asking for loans may have believed that the goats in the trial were in better health than those 
available from other sources. The offspring of animals on loan are usually shared between the 
caretaker and the owner. In this study, however, farmers rejected caretaking as an option for 
increasing their own herds, favouring instead outright purchase. 
The health package tried had no effect on the number of goats slaughtered for home 
consumption directly or after ceremonial slaughter. This indicates that in the study area, goats 
are not an important source of meat for the farm household. Improvements in productivity could 
increase cash income, and indirectly improve household nutrition as a result of more cash being 
available to buy food, but there is no evidence from this trial that home consumption of small 
ruminant meat will increase. 
Working in the same area of Oyo State, Matthewman (1977) reported that 91% of the livestock 
owners surveyed mentioned financial gain as the main reason for keeping small ruminants, and 
only 5% placed priority on food. The offtake rate of weaned kids was 74%, and that of adult 
goats 24%, excluding females that had not kidded. These rates are similar to the control offtake 
rates in this trial, if allowance is made for young stock which died before weaning. 
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AVHRR advanced very high resolution radiometer 
C control 
CILLS Comité (permanent) inter-Etats de lutte contre la sécheresse dans le Sahel; 
(Permanent) Inter-State Committee on Drought Control in the Sahel (FAO) 
CV coefficient of variation 
d.f. degree of freedom 
D dipping 
D + V dipping and vaccination 
g gram 
GIMMS Global Inventory and Modelling Studies (USA) 
IFV instantaneous field of view 
IPAR intercepted, photosynthetically active radiation 
IR infrared (radiance) 
K thermal conductivity 
kg kilogram 
km kilometer 
LAC local area coverage 
m metre 
MOA Ministry of Agriculture (Malawi) 
MS mean square 
n number 
N north 
NDVI normalized difference vegetation index 
µm nanometer (10-9) 
NOAA National Oceanic and Atmospheric Administration (USA) 
PPR peste des petits ruminants 
R red (radiance) 
SD standard deviation 
TCRV tissue culture rinderpest vaccine 
W west 
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 Time: Although the second (s) is the base SI unit for time, it is rarely used in agriculture. 
The hour (h), day (d) and year should therefore be applied. 
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cultivar(s); var = variety. 
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